Searching PAJ 

't 



PATENT ABSTRACTS OF JAPAN 



1/1 ^— V 



(1 1 )Publication number : 2005-096068 
(43)Date of publication of application : 14.04.2005 

(51)IntCI. B25J 5/00 

B25J 13/08 

i 

(21 Application number : 2004-234022 (71 Applicant : SONY CORP 

ADVANCED TELECOMMUNICATION RESEARCH 
INSTITUTE INTERNATIONAL 

(22)Date of filing : 1 1 .08.2004 (72)Inventor : ENDO GEN 

KAWAHITO Mrrsuo 
GORDON CHENG 
NAKANISHI ATSUSHI 
MORIMOTO ATSUSHI 

■ ....... - ~ 

(30)Priority 

Priority number : 2003300521 Priority date : 25.08.2003 Priority country : JP 



(54) ROBOT DEVICE AND ATTITUDE CONTROL METHOD FOR ROBOT 

(57)Abstract 

PROBLEM TO BE SOLVED: To stably control the attitude of a machine 



body by paying attention to a periodic motion of movable sections. 
SOLUTION:" The motion of the movable sections of the robot is taken as 
the periodic motion, and the attitude of the robot is stably controlled in a 
broad sense of the word by regulating the phase. One or more than one 
phase generators are used for the robot system and one of a plurality of 
controllers is selected according to the phase. The controller controls the 
drive of the movable sections based on continuous phase information. The 
actual phase is estimated from the physical system, the frequency and the 
phase of the phase generator are regulated by using the estimated value, 
while the physical phase and the phase generator of the robot system are 
subjected to mutual entrainment so that consequently, it is possible to 
control the motion of the robot by effectively using the dynamics of the 
robot 
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^^;WiJjMiE a • *7 y ;i'-e&&o ^ ;w* l ^ W-e, TOJg^-fi h 

fl/^-cfrfcfctifco L^L£rt*£>> ^< <7)^M*T ? JKiPD+>--^>Q s Jiat ttTv^^t 
^tt^ft LTW^tei: P D 3 > b n - 7 ^aB^fit^^-x.& £ fc"CW 

^i/^^i:t4o 

[0135] 

B - 1 - 3 - 2 . State Machine 

i-f^feH. i£8lfi9 State Machine *m^X 

^i:ov^#^t4 0 ^filSl^EI 1 9 K^c-T J: 9 K 3 oo*:r- h KfrmT& 0 
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[0136] 

Stance ltii, MWlL&ftM-VMfrftfafflMom (J^T, [Wmj k^&) *m 

ffl-r^^ t-cm^um^m^KmL^o ii^Mis^*, ift^<v%fc&& (s 

tability MarginiSM) *1%Ut LTfv^o ££-C, ^L^fitifSU 
[0 13 7] 

Stance l<3SM&*iKiBL, SM^i-feiMTKftofctl, jBffl*Jt», aft 
IcmUbf^ (Stance 2) £f** e JOBfc J: ij E^HaWSE < *4 C 4fcfi.x* 

jaRoWakiiB^MlMi* < SM<VM$kk LTiS*LTv>* 0 Lft^oT, jft < tfit&tr J: 
■9 "C**LtfiS< mm-T&o Swi ngtli, S t a n c e KDBMKX »>a*fr#rtHfcafli 
(^T> fcOfJI) ***^e>HH*Lfci: Sfc£JiJ*k*o SKJfiit-efi, J&ggtiSM 

[0 13 8] 
[ 0 1. 3 9 ] 

(i) magtcajKLSv*. 

(3) JfSfe^^-f Lfcv> 0 
[0 14 0] 

B-l-3-3. State Machine + CPG 
[0 14 1 ] 

[0142] 

[0143] 

B-l - 3- 4. Ballistic Walk + CPG 
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irect Kinematics 693: i? , ^jgSSS&^tfi* J: 9 

3*fi9 -Cafe JlWN £<D «fc ? Inverse Kinematics^ 

[0144] 

*JRMflB*>f>«ffll/Si-C<^iK|fr (Linear Mot ion:LM) t, flgj^ 19 <7>I@I^ 
(SWing mot ion:SW) K53^-T& , Compass-like Bipe 

d (H2 0 £#M?>£ £) o 

[0 14 5] 

Mfc. X & t > JggBv MVhi»Pa88 ive (Sift 69) ^ BP**itt»|-CA c t i v e 
(HBS&filO <Compass like biped KM LT> i6£J*:ftJj£*llip • 

MLT3^Sit^2, tl4] 0 £<7)M^^^v>T, C P G£KtfrgffiJg£Mfl$<7)|i]i|£ 
[0146] 

0 2ltJ4 % #jgfift : ?-^)EISi:ilS#«jBt*^L"Cv»*o I. M^ft C P G Stiili: 
P G K»LT#4 7-f - K/t* ^ fcff **>1* K»f^*A3fe 0 ^ ;* - * JWfiS * 

, [deg] gE-ffci-4/i»t"C*c|aiHM4o #^^#^fecot»til* s 

o 

[0147]. 
B - 1 - 4 . *Bfe»^<p»ffl 

£<7)^-e(4, fltf^-e|E«L7t 2J£Mtv5- a. a *o B- 

[0 14 8] 

B - 1 - 4 - 1 . ^fffeJH . 

. Ufc<Dj<Z&ZK}£LTmL<7^mt)%:'£~? (2 0 0 0 [W] X4) ?:if IT^I, 0 
[0149] 

b - 1 - 4 - 2 . Mm*±m& 
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[0 15 0] 

#*I*«<Z>»-6n JE-tlWiil^ftlv^Tti&iHiSrmHgkH— Se^JK-CH < t T*S|8I £ Rf Co S 
KlStt (LM) *fr4? £ t"C> ±#©lfyfili*l&4$*ao fil&£|*SS3*;&fc«> 

wft*#«fi-*wiK:p**ff4do ^»t«9> «r*iRiKi«v»Tv>**&^jifliriw<^5:«Fi»«iii8 

[0151] 
[0152] 

B-1-4-3.CPG + State Machine 

ffi£T£!&3frfcJE^*SMtsfcS.w i n g Mo t i o n "C^ffid 
f£*frfc$ o £<7>£: m<VtyV)&?LKl*S t a t e Machine f^JSW 
jilW.&oTffi2r<& s tability Margi nri 5 — Sl£4tislTt*o fc4&-£^ ifMs&H 
HMkW<Dft&.E1&m*\tl&Z-2> (12 2 4*#JRltf>£fc) o 

[0 15 3] 

^5^-?, PD^ ^ LM • SW<*>SM1, Stability Margin <DMi& 

#frIE**?J 5 0m, ^fri£JKI& 0 . 4 m/ s ) o 4 fc. lfrliO*i'®£>a£'fl:*ttl$i 
[0154] 

Z--Q$mz tl& , Swing M o t i o n fc&*^:b*fcJEJ&*S&fMi, ^NSfcJS 
W* f a»fl9.^fl»S*L, -€-^«^tt**»c^!»fi<jjc^^a 0 i*ui, CPG, State 

M a c h i net fc&ititiBKBSra £^Ki-^-ew>£v>rt: HZ>m%i-?1bZ> 
£*L&o 
[0155] 

+5-Ctt4v»i.fc<b2b* 0 -e<?53fc#mi: LT, S WO SMI £ ^< b $ * £ , JE. lr MKS £ IS »t 

[0 15 6] 
B-l-4-4. CP G(?)^ 

SWi ng Mot ion (SW) "b»ft«I!l^"C«I&r * £ t Ho t 
T*£o Linear Motion (LM) .tffiiLtlK 

, LM©HJ**tfR*sLTSWi:AAT-6 (H2 5 0 
[0157] 

i^ie#0»#, LMtSW«D|£^lil 8 0 [deg] fc*2> 0 S WOlgftjIfcii L M 
£ ft C«t t -T S o State Machin e Zm^tim&tmWiK^Ttf 

[0 15 8] 

State Machine KJfcLT, #K3Mt H*&l*)&^jfe*^S8^SAi-* i Ltf 



I* 
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W.SX$>2> L^z.hiiZ>o i6 3i:ii-e©->5al/— yg>|±^$:, m 2 6 K liJe^^T 
B*<Z>ffHfiM6*$^ ^tL-rtLj^L"Cv^ 0 LMfc SWOj&tfctefflSIW: 1 80 [deg]C 

t0 1 5 9] 
[0 16 0] 

[0161] 

M&iifcmfc\)0. 3 3#-c&s<7>fc#u fi*B*©#ff^»!tt 5 Fi&-eo . 3 6 8#-e& 

v^^^jsLTv^ci t^£>. n^y h K k -?XMM<D$k^mW}X&& bti&o J£fr 
[0162] 

^;i^T^O:^$^fb£$^g-LTv>;z> C63 . 0 c it 1 . 8-3. 5 0M-CggMflrii6"C, Z<D 30 

l£ffl Wefi^-T* i k*«"ei4v»o /h3v>c x-l$i£mrfW< fcii ti:J; 19 S t ab 

i 1 i t y Ma r g i n WWP L^J,Kljg#| U A" £ ^ifJS^fi^Mtfcf^A g 
[0163] 

[0164] 
[0165] 

^#fa^tf>H#36i&afcfcj£v» t ZZ>XLfr^TX%%\,* 0 i<^#t^(iP a s s i v e D 
ynami c Wa 1 k 1172 Afeji* «t 9 K, «#Ofca#14*»ffifl9fc50Jffl L 

^fr»-*a<^W«"C**o ^ff^^£v^ifctctiJEg.-af h;p^tc«t*ft!i#P^M'5rS7'f 



(26) 



JP 2005-96068 A 2005.4.14 



[0 16 6] 

c# s A£ < K&K-otim&x-^fr^iililtoLX^&o 5&lMfc*^£;£i6* t cWl. 8 

tbx&y), r^^^^--^^epiiiLTv>^m^^> c = 2 . 0 5ofc^f<j3 4 0 [w] ( 

»0. 7%) -e|,So »«§|§L/:Spr i ng F 1 ami ngo [1,1 ft 

Mtffi:ft5 [w] t;tL2 0 0 [w] <Dmi) (M^2. 5%) t^SiH^, ^yy'J 

[0167] 
[0168] 

^m^&^x, mi>m^i£j >j v h^iot lt, hhs^m isfe-r^ ci 

zztfrh, Mz.&$sffl%: t*<DW)ft* t oT^fttiot^ t ftSJ6**i" 0 £*l 

ttAHi*l&£-$*'fci/>rt:«><aE£a*~#-f > h -Cfi&V^ fc#3&ljJ3i£S> f4#x.TU>a 0 
[0169] 

B- 2. ^g&^a^Ji § -r-f T^fta AM<pjfeff(P5fegftoq8Jfl- 

SDR (V--) > AS I MO (*^) , HRP (jgifcflf) > H7 (3|CA) * if fcft 

[0170] 

> K J: o T tt£ $ *L # ft fc JB j£ <D BW) * * f;Ht L O igil^7>:#fl:£ K «£ 
[0171] 

S C22J o iO^-Cli. #^ Locally weighted learn 



If 
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i g n (MWrM.^mm) C23] *s<-A t Lfc'J 5 y Y • *)r4 9)V ■ 7 Yv? ?*n>otz 
[0 17 2] 

5 r * 7*C P G fc LTJBw&fO&ti, tHMSJifcAHW^fr'**- v**r<E>|R 
8L^J|jlti|OCI> JSS8> *7-fey MclW-*-*.x*--y ^^I^Sii^W 3 

Q 

[0173] 

HI 3 1 ^-T^Pffi 5 V 2 JS.#=ff f©*7 r ^*fflV>fcS[i5'5a 
>^=ff^9o n*'7 h<D-£M\±4: 0 cm, ^Sf±#t>3 k g «9 > TSfc8Mt3' 

[0174] 
[§12] 





linkl 


link2 


links 


link4 


links 


mass [kg] 


0.05 


0.43 


1.0 


0.43 


0.05 


length [m] 


0.2 


0.2 


0.01 


0.2 


0.2 


inertia 
(xlO~ 4 [kg-mj) 


1.75 


4.29 


4.33 


4.29 


1.75 



[0 17 5] 

D/FA S T C25] £fflv>T^£B L, tfUx-f* • * y Affile J; l 5 'J jg>tf>l$ffl MPg-e 

[0176] 

B-2-1. ilfi^J ^ y w /taaAW^ffg)^ 

B-2-1-1. mm&Wi&wy.v §_zi^ y 

o t<^a»^y rii, AH*«ttm:»j*ufc3Wtt (Maui • ®ffl&m) 

[0 17 7] 
[0178] 
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[ft 8] 



T(p = 1 rr — — /i(r — Tq) 



[0179] 

[0 18 0] 
[ft 9] 

<j> = u TcTc L a; ^ f 1/r 



[0181] 

5 -r 4 y<DtHtl y tit, fiOfflSOft^O^ r) XCf-€-<J!>Eg#aSJfeLfc«>«5 

v = [r c o s f, r s i n ^] T *Xt)b Ltc 2 ty3h<D ?4 ± ^ ^-?r&;g> 

[0182] 
[ftl 0] 

Tz = a z (f3 z (y rn -y)-z) Ty=z + f(v,4>) 



[0 18 3] 

iiT, a.t^^liiEcOjEt, y„ iilhJ)<D*.7-ky h"C** 0 f tit Ji Brift^-* 
p (-h 1 (mod (0, 2*) - Cl ) 2 ) Hi «9M*#»t?>^ tti* ti#^9f ^fJKT) 
[0184] 
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/(v, *) 



[0185] 

x. h iitz t&K Local ly weighted regression (MWrM.frtt # 
[0186] 

±15(0 2^: [mi o] [ti i] wt, aMfaiifrafc'^njj?? hojas§isi&*titf§ti! 

[0187] 

*^LTV>4, 5 "f-'f ^Or?^* r 0 > r (=l/a») > Y.^^ltSi 

[0 18 8] 

B - 2 - 1 -2. athgfeg^'J •7 > frfflv>fc2Ji.#fi : P#y hMffl* 

M3 3KH, ^^MMMKm^ vtfv hmffl&<D®L-ikM&7FLX\<*&o CPGtf^t 
LT, B- 2- 3- l^-Cifc^Ttilftj^Wy; ?f ir^fflv^, f «5Hi**D#y f©l 
«MSff»altfd..i:i-i.o i^t 5 }*, #flM&fc**L-e , *i«> 1 SUM 7 

'J ^ -r-f y^fflv^ ( i = 1 ~ 4) o njK? hWMfl5AJKflifl®miJS3f P D a 

[018 9 ] 

OK, MM<DW<DtiLffi* <f> = ir L-f-2>$iW&?tt3:i o ^frJSffiOfilfcKJStffclglb^li 
^WM%L<?>WfomK~3\i>X \±B - 2 - AMXW L <a^4. 4*:, ffiffi V -fe ? h Km LT 

[0190] 

B-2-1-3. KM<ni£ft^?~y<o&m 

tOS-Cli, AW^Mf^WtiJA-r-^ (2 9jfcJ§14, If 176cm, #18 3. 5 
, 2*#t%0;ftTX<Dr-?*M$ikl'ZtlhZ&Kii£%*?T%o o H3 4 (;£) KitSSL 

t Lfc"i)©^ff- ? t LTttigti^tt*. H3 4 Kj^LfcfiS^ffT*-*!* 

ffilW*fc*tfcfcJ:»K JS»T= 1-. 17$>, fl«»f=l/T= 0. 8 5 5 Hztig 
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[0 19 1] 

§ SliHK <fc (Locally weighted learning) 

[M. I 0] ^^B'^^-^wiSrL ocally weighted learnin 
[0 19 2] 

&£I$$J t K£*t&^*&&&^-*& (f t a r g e t , v (^yf))^ 

[0 19 3] 
[tl2] 



/target — Vdemo — fiz (Vm — Vdemo) 



[0 19 4] 

[0195] 
[tl3] 

w^ +1 =w|4-Pl +1 ve f 



[0 19 6] 

[0 19 7] 
[ftl 4] 



x>m _ 1 / t P*vv T Pf \ r 

[0 19 8] 

as [o, i] ii:£a?«afe"e**o ^gfcfcv^ ISf^fJKot • @sm 

[0199] 
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T<Di/< a. Is-*/ a >Xtt, 1Z%.V>T~ 9 <D^U^ *l"CWcfci£>, $ ~f ±ffi<D$lit<^ 

wk&^x, &Mmmm (r_„ ip ) &zffc&mmm (r KN e E ) <dt-9ko^x%*i^ 

(DfiLffl** [rad] tf\f-f h -TZk K «fco X#?f<DBm$lT&<D&.J&* : ?Tft i )o 
[0 2 0 0] 

B - 2 - 1 - 4 . %L4Ai/ $ a k ~ -> I > 

*I±T^<7) * a Kt£5eLfc 0 
[0 2 0 1 ] 
[^3] 





Parameter 


Description 


Value UKed 


Dynamical primitives 


ro 


(relative) amplitude 


0.7 for all joints 




natural frequency 


6.28 rad/s (IX) Hz) after 10 steps for all joints 


f/m 


offset 


Hip: Vm = 0.0 and Knee: y rn = 0.35 


Phase resetting 


4* 


phase 


4>i « <t>2 ~ 0, 0s 5=1 #4 = «" at left log heelstrilce 


& — #2 = t, #a te 0* — Oat right leg lieelstriko 


PD gains 


K P 


position gain 


Hip: K P — 8.0 and Knee: K P CO 


Kb 


velocity gain 


0.0S for all joints 



[0 2 0 2 ] 

SW->5al/->g>-eii, *8&^OllJKfcov>-Cli3&§*&*j&>e> 2#@ £ "CI* 1 . 5 
# (fcjgS&fefc LTo, = 4 . 1 9 r a d/ s ) , 3#B^fe 1 fli 1 . 2& (fcJS 

»Lt w =5. 2 4 r a d/s) , 10#@WI$I* 1. 0# (©= 6. 2 8 r a d / 
s) S»«jtMLfeo £*Lk?Hil*jjIJ^i3<jK#fc &<7>-c&;g> 0 tea-el*, 31§&<^ 

> ^nj ic o v> t #^-r & o 

[0 2 0 3] 

-> 5 a. U - =y a > H £ V> T , #r £ tfc #> <D -#c I i WJ£ £ jfo x. fcjRBB ^ £ * Kf * ttl 
itSrBEtbt^A^fcJ: *}£j£-r&<> HI 3 6 I- l* N t = 0 - 2 0 <DmW}^^ } ) ?r-f^ 

ffl^^feltiJIRMSiSX^JBSMIlSJt^jajK^ttHli, Ztl^tl- 3 . 12-2. 22rad 
/s,-6. 09-5. 2 3 rad/s«iIt^l)o 
[0 2 0 4 ] 

iit, mmt = i i. 2~ii. 6®<7>mmw<D h)\<?m^K ; mB-r& t> i$<Djg 

3 9 £14, 5£#tfcSI K *5 »t 4 n # y h<?)#ftf)#^^^LTV^ 0 # =r ^ 0 B# K K R§ I* 6 
6 ^ U#T*a 0 
[0 2 0 5 ] 

b - 2 - 2 . mmM±&2i3&£t±mm Lfe^friig^afM^^ 

b - 2 - 2 - i . its^teffl«Mft?-%nfettagi».&»tc xzmm 
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[0 2 0 6 ] 
[tl5] 



0i = £*>i + i<i(<i>2 - </>i) 



[0 2 0 7] 
[0 2 0 8] 

mi e] 



[0 2 0 9 ] 
[0210] 

mi 7] 



[021 1 ] 

[0 2 12] 
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[&18] 



CO 



K t +K 2 



[0213] 

Lfc#oT, ^S&^liSI ff3&tt£aab&a, a = (Kaan + Kiw,) / 

(Ki + K 2 ) % teffiH^ fi - <f> x = / (Ki + K 2 ) -ClWISBLTMlij-r^i 

10 2 14] 

#SKtfF-li3l&&#<a*t:fc, tefflSStf = ?5 2 - i = / (Ki + K 2 ) -elUffiL 

&o Cfti»oT, TrtKvtJ: 5 KH*"iMai8k^3&W©^ r ^ , ?*5 * * £ tic: J: 

[0215] 
HU 9] 



= un(t) + Kt(<h(t) - <h(t)) 

<f> 2 (t) = o/ 2 4- K 2 (<j>i(t) - d> 2 (t)) 



[0216] 

[0 2 17] 

B - 2 - 2 - 2 . #ff ja«H»EKE« 

[0218] 
[0 2 19] 



[&2 0] 
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+ K(^ easurcd 



) 



[0 2 2 0] 

*£5effi£ LT^l9JS9o {IU 
[0 2 2 1 ] 

[&2 1] 



n 



measured 



7T 



measured 



[0 2 2 2] 

^JSJW) t5e«-T^ 0 B - 2 - 4 - 1 tli Lfcf ffl»0^^f t 

^f>#x.*t> [»19] *mWl'ikLtzi ) <DKlZfr%:h%:\,>o LfrLft 

[0 2 2 3 ] 

m2 2] 



> B - 2 - 
U -fe y h J 



71+1 



w n 4- A"(^ < , a3urc(i - w") 



t robot 

9 heelstrlk 

robot 



robot 



[0 2 2 4 ] 

i&U nli# 

i£^i^:|^ roi,t heelstr1ke = 0v iJEfWi:!^ h . llltr n. 
= >riv^^i:, ^nf-fT" (ffiffll&^S) WLTfiffi'J -try t£5e£|-r&o i*i 

4 >i>^LteT&.<D&j&m*mx-r2>z.t u*^ 0 
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[0 2 2 5] 

m2 3] 



4> = w + Ky8(t - t heelatrik .)(& atrike - <i>) 

^ ^2 (.^measured 



[0 2 2 6] 

B — 2 — 2 — 3 . &-fil V ^ jl W - ~> g >■ 

%Lw<D*ammt, 4. 78rad/s 1 . 5fj>) t Lt^o H4 1CI1, 

-£-#^K£K=0. 2, 0. 5. 0. 8 Lfe»^-e*L-e*L^ff->5 aU'-Va 

[0 2 2 7] 

b-2-3. aft<7)7>^-- 'j >4nzna-t&m& 

^7^i6l*0^«3^^f^Mc7)^^-'J ^^*ff*ofc 0 L^L&# S £>> B-2-2-2S 

[0 2 2 8] 

[0 2 2 9] 
[&2 4] 



0 + ^0 = 0 



[0 2 3 0] 
[0 2 3 1 ] 



[S2 5] 
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[0 2 3 2] 

[0 2 3 3] 
[S2 6] 



ro£of ^ human 



human 
robot 



[0 2 3 4] 
[0 2 3 5 ] 

Xi^[2 6] KU^Z thX^&ifrft-T- ? Ji, #g 176cm, 2 9 j&J§t£?> <fc> <7>T& 

WoT, ii7IUPIlC»ft*l = 1, 7 6 X 0. 4 9 = 0. 8 6 mt'K5E-r 

& 0 n^? hc75{Wlft(i 1 robot = 0. 4 m^&£(7>-C> [^2 6] WX^-V > ?m 

O 

[0 2 3 6 ] 
[#2 7] 



* — mzmir&mm: 0.399 sec 



[0 2 3 7 ] 

B - 2 - 2 - 2£(3J8j&fll)*fflv>fcnjJ?y h$>3/5 Vj&fc-Cli, HfjfifiSfcJU 

TOM*) (K=0. 2, 0. 5, 0. 8Co^T^)9 O^l^f) 1 0 0#lif© 
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[0 2 3 8] 
[$C2 8] 



• mfm^M: u) robot = 8.120 rad/s 
m —^tC^ %B$mi 0.387 sec 



[0 2 3 9] 

[0 2 4 0] i 
i^-C, £Ht -> 5 a V - -> g v \z H *) , U-by h WSL fcttr 3> 3Mf<*> n h 

tL/i ^ * § S 4 ^<^^ t#UD#9 h Wfcfflit ~fi£Tf ;j£fE L 0 

*#fi9KWt, ^fir+OfltfBtf * s 0 ~ 2 7T O m (0. lradl) CML, n# 

[0241] j 
ffc, H6 6"ett, g5 = 2 . 0 r a d K&^X, W&k IT- 2. 0 N >6 S 0 J 1 

%>Wizwij\\x-hinfcWi& (2. on <Djj-clkzfti%izwzintii&&) <DjB^<om^L 

"CV»4o H66 (a) ti#*B 'J -b y h % V) co^> [H 6 6 (b) Wttfffl'J * y h £ LcoSB 
[0 2 4 2] 

B - 2 - 4 . 4Hfc81fl:*lj&&»<Pfcg><pfl:fflU i 
[0 2 4 3] 

ZMP<Offol5 neural osci 1 lator (CPG) , pass 
ive dynamics, state machine, reinforcement 
learning, optimization, kinetic energy cons 
train t ¥ L^^M^^M-t^ i ktf-C% & <i> <0<0^ 

[0 2 4 4 ] 

_e response curve XJi phase resetting curve) "C 
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[0 2 4 5 ] 
[0 2 4 6] 

fr*£-«>fc) fcJUfcfirl&oiiKfi, W«*iM£*rfcU *>(H?-C P G<^# 

t>v>&1fi*&\fX\t->b 9 ^iWtv^?)^ »tttJ6ft&-?*^< 4v»*« % 

<Dt>mKtefcfflm.M}?&wmK$,2><DizkWz-2>o vtWMn*$LfflMM : ?-k&fflv-tv h 

t-^rvT'f y^n^Sigrifc**, *ftWK«*nsjf^ h^igft^c^^a-e^^o 
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